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INTRQDUCTION 
National intat$ in the. combdon ofwood and d d  mbdures is growkg rapidhl in response to the 
world-wide concern for global wam& the U.S. cotlcem for SO, and NO. emissioq and regional interest 
in acpan&ng the utilization of forest produds and byproduds. 'Ihe w o o d / d  cofiring  pro^ at the 
Ullivasity ofRnsbwgh has focused its eady work on the use ofclean urban waste. Adesign requkmmi of 
the program was that the cofihg be accomplished by providmg a woodcoal fuel blend that could be utilized 
by the boilartKNlses as a regular fiel shipment without modification or capita! scpenditures. Three 
demonshations of co6ring wood and coal, up to 12% wood by BTU content, have been conducted at two 
local boilaplants. The first project, conduded in 1997, under this program was a demonstration at the 
traveling-grate stoker boiler of a patsburgh Brewing Company PBC)'. In May 1999, a second 
demonsbation was completed at a federally owned spreader stoker operated by the National Institute of 
Occupational Safety and Health (NIOSW. The third demonstration was conducted at PBC in October 
1999. The prinapd wood used in all the demonstrations was broken pallas tub-ground to a mulch-like in its 
consistency. Combustion has been very acceptable, but fiuther dewlopmatt work is undenvay to achieve 
acceptable feeding charaaensh ' 'cs of the mixture through the receiving griU and pit of the boilerplants. The 
p h e  objective of the University ofpinsburgh's wood/coal &ring program is the s u d  introduction in 
westem Petmyhmk of w m d  wliting fuel for stoker boilers. This paper summarizes the resuits of the 
demonstrations at PBC and NOSH along with 0bservatiOnS on the identification of @c sources of urban 
wood, and,& pnwessing requirrd to produce a cofiring fiel. 

PRQJECZ DESCRETIQN 
PBC Demonshation I Steam for brewmg bottling and space heating is produced at the boilerhouse, which 
contains a gas-fired boiler and two travelq-gtate stokers. The stokus are rated at 42,000 Ib steamlhr (140 
pig) and do not have emissions control equipment. Allegheny County Health Department (ACHD) has 
primacy for air quahty asmame. ACND generally requkes that d-6red boilers (above 0.5 h4MEWhr 
thennal input) emit less than 1.2 lWMMBtu of SO, with an allowable opacity of less than 20%. ACHD 
performs v i d e  inspectiom of stadc plumes to check opacity and ensure that boilerhouses do not become 
nuisance problems for neighbors. Stoker ooals used in AUegheny County usually arrive by river barge fiom 
low-sulfur mines in the V ~ a W e s t  V i e n t u c k y  region Such low-sulfur, stoker-sized coals can 
cost up to $56/ton when ddivaed to the boiilants. 

Junior pea stoker coal - % inch by % inch - is delivered to the PBC bybiaxle buck (25 tons) h m  the 
Colona Terminal, a trans& station twenty des west ofthe plant. Coal is dumped directly into a feed pit, 
which has a bucket elevator to convey the coal to one of two day bins located above the operating boiler. 
The feed pit is w v d  b y a  e, for vehicle and pmonneJ access, with o m  ofabout %inches 
square. A paddle wheel feeder directs coal h m  the pa to the bucket elevator, which then transports it to the 
chute that supplies the day bin Two &tes ofabout two feet square convey at the fuel h m  the day bin to a 
small hopper. Fuel is then fed by gravity h m  the SMU, open h o p  onto the traveling grate that has an 
adjustablegate to set the initial fuel bed height above the grate. The fuel f..ls rate, set by the grate speed, is 
detamined by a Bailey PID controller. 

n e  6rst wood obtained for t d n g  was SQeened tub-gmnd pallet pieces. Early in the test program, the size 
consist ofthis mated was 1% inch by zero, but later it was changed to 1% inch by 'h inch. The testwas 
expanded to include a second u ~ I ~ ~ ~ w o o d  waste- a 1 inch by m chipped clearance wood. Fdteen3-4 
hour tests of 5% to 4oDh wood fuel blends (by volume) were conduaed to aaluate the fuel flow/handling 
cham&&= with PBC's Bdsting conveying system The blended fiels were prepared h m  wood and coal 
stored in two open piles near the boilemouSe, using a snall hnt-loader bucket to assist with nixing, befbre 
the cmlkvood fuel blends were loaded into the day bin In addition, several 24 hour tests and a72 hour test 
wah h e  gas monitoring provided by the Fedenrl Enagy Technology Catter (ETC) were cond~ded to 
eMhrate the boilaplant's ability to operate dt steady state with a w d c o a l  mbrture. These nixtum were 
p r e p a r e d  at Colona Taminal by layerins the coal and wood onto the bed of a regular bi-axle delivety buck 

MOW Demonstration The NOSH boilerhwse produces steam for the center's dishict heating systan 
n e  boderhouse contains two gas-fired boilers ad a s p d e r  stoker Kee4er boiler. The boiler is rated at 
55,OOO pph at 200 pig (but normally opgates at 100 psg) with a baghouse for missions control. As at 
PBC, ACHD has Pmnacy for air quality asmance at the boiilqlant and quires the use of low-sulfur 
compliance coal. 

n e  junior pea stoker coal comes by barge fium eastem Kentucky to a transfer station on the liver and is 
trucked 60m the transfer station to the plant in 25-ton loads. Coal is dumped diredly into a receiving 
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hopper. Thecoal weking hopper is situatedbelow a d g r a t e  with opadnBsa minimum of 5" by 8". A 
Synbun 4 feeder picks up the coal onto a belt conveyer, which takes the coal up an elevation of20 feet to 
a bucket elevator. The buck& elevator elevates the coal sbc stories to h o p p .  From these h o p  the coal 
goes down through ducts onto a hori~ntal piddle conveyer that unloadsthe coal into a bunker. There are 
W e  gates at the bottom ofthe M e r .  Another horizontal conveyer rexives the coal h m  any one of the 
seleded gates and delivers the coal to t h e m i t  Roto Grate stoker spreader feeder systan 
That are three 18" feeders with ampacity of500 to 2000 pounds pa hour each The boi l~k also designed 
with an overfire air systan to rebum the &a& The s t o h  throw the coal to the back ofthe boilq while a 
moving grate travels h m  back to hnt. The coal burns both above the gmk in Suspension and on the gate. 
A large numbm of tine &el partides leave unbumed h m  the firebox The finer partides go through the 
economizer while the heavier ones are reinjected into the boiler by a stream of over 6re air. The bottom ash 
EiUs into a hopper. 

The wood for all test bums was a n d  1% inch by % inch tub-ground pallet waste. T h e m  and O&I 

of a tub g m k  were modified 6om the settin@ used in the PBC demonstration to produce moTe "chunks" 
and fewer "stringers" h m  that used at PBC. Four-hour test bums of lO%6 20%, 300/0 and 40% wood by 
vohnne were conducted in mid-May 1999. The. 1oo/o and 2C% wood fuel blends were prepared by mixing 
the wood and coal on the pad, while the 30 and40% blends were preparedby layering the coal and wood 
onto the bed ofthe delivay trudc A 48-hour test bum was condtaxl using a hel blend of appro- 

PBC Demonstration lI In odober 1999, two 4-ton rnhres of w d c o a l  fUel blend were test Ikd in one 
of PBC's stoker boilers. The wood componad of the &el blend was prepared by a modified method that 
produced a more cubic wood particle.. Additionally, the wood and coal were mixed at the wood pmcesor's 
site with a with a FECON blender to 500/0 wood by volume or abcut IT? by BTU content. 

ACCOMPLISHMENTS 
mid ~onyeyanee: PBC ~emomtmtion n e  demonstration showed that fret conveyance ptays a critical 
role in the hilay of a stoker boiler to handle and feed w~coal blends. Wah the exception of a few large 
pieces, the flow propaties of the wood chipkmai blends was similar to junior pea stoker coal. The same held 
true for the flow properties of the tubground w d d  mixture when properly mixed at relatively low 
wood percentages. 

The &cat bottleneck for handling fu$ blends with a w o u n d  wood content grrater thanapproximately 
33% occurred at thegrizzly and feed pit. FW the &el blend bridged the opmingsin thegrizzly to the point 
that regular intervgltion was requid to maintain flow. Intervention by the operrttors was aoceptable to the 
manager ofthis plant. Second, transpott of the itel blend h m  the feed p;t to the entrance ofthe bucket 
elevator was erratic and requirrd OOcaSional prodding to sustain flow. 

In the initial stages of the first demonstration at PBC, a sewlnd problem with cotlyqance developed. The 
seconnd, and more important, effed was on fines segregation in the bin Amhire ofwood and coal fines 
built up rapidly in the day bin When the pile offines dumped, a "plug" offines passed down the duaes and 
eventually onto thegrate, causing significant advase shifls inburning charactenstl . 'cs,espeaallywhenthefuel 
wassoaldngwet. 

Two adjustmmts to fuel Preparation were made to limit this seconnd problem The tubground mat& 
received a second bottom weening to reduce fines, and the method of blending w d c o a l  mhire was 
altered In eady tgts the wood and coal were mked on the ground with ahnt-md loaderto erwre that 
homogeneous mhire would be delivesed. Howeva; this method uushed the coal somewhat and generated 
exes coal fines. A f k  this problem was recogttized, coal and wood were layered onto the truck without 
any mbdng It was then obsawd that conveyance through the PBC system componentsmixed the 
wood/coalcimtlywhileredudngfitlgpmduction. 

At all wuod/coal permtag- the green wood dips, when h e  of large pieces and "plates", flowed through 
the conveyance systan in a manner similar to thestoker wal, with no o b 4  change in fines -on. 
H m ,  the wood chips delivered to both PBC and the terminal did contain a snail number oflong, thin 
pieces (up to s e x d  feet long) and platslike chips (up to eight inches ms). The material delivered to 
PBC had to be W-sorIed before blending with coal to prepare a mixture that would pass through the 
gnnfy and paddlRvtKel feeder. Such sorting was not possible in pqwing &I at Colona terminal. The 
gidy aded as a saeen for oversized piecesthat required heavy manual &brt for removal. Theovasized 
piece were a&iibuted to opemting problems with the chipper, which should be correded with proper 
adjllmmt. 

Fuel Conveyance NIOSH Demonstration Just in the PBC demonstration, the MOSH danonstraton 
showed that &el conveyance plays the aitical role in the abilay of a stoker boiilaplant to utilize a 
lid blend. The wood used was prindpauy mulch-like. Long hngers had been s(xeBKd out as planned, but 
the gnnder had not yet been refittd to produce prindpauY chiplike material, rather than mulch-like mataid. 
This led to a diikence between expectd and delivered pmmsed wood to the project. The resulting 
wodcoal blend did flow reasonablywell h m  thebunker to the boiler, and it burned well in the boiq but it 

33% wood by volume. 
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needed considerable asktance to pass through the grate into the outside fuel-receiving hopper. F’roVidUlg 
this assistance is UMCceptable to this plant’s s u m d e n t .  

Combustion Both at PBC and at NOSH, once fed to the gnue, pro& prepared wood/coal mixhues of 

erpected, there w m  no ocuurenm of flame propagating back into the 6tsh &el across the gate, or 
discharge of still-burrdng ash particles into the ash pit or out of the boiler dunng any test, 

Compared to cad, w d  is a high volatile, low heat content and low density fuel. The lower heat wntmt of 
the wood can be compensated for by a higher rate o f W  (on both a volumebic and &ght basis) to achieve. 
a sab&cmy heat dease rate. The heat content on a volume basis for a 33% tubground palle(/coal bled 
was 85% of that for the coal, while the 33% green wood chip/coal blend was 61% ofthat for the coal. This 
ditlkmce in volumetric heat contents q u i d  highex gate Openings and tsSter grate and stoker speeds 
dunng W c o a l  test bums relative to normal boiier opemion on coal only. 

Emlssions/opaeity f i e  gas Blrissions were co- monitored during the PBC danonSaations with 
standard process gas analyzm that were inStaned by FETC. Emissions were low, with average levels of 685 
ppm SG and 333 ppm N a  ( c o d  to 3% dry a) that correspond to about 1.1 Ib S w t u  and 0.4 
Ib NO&MEltu. These results were consiStaa with the low sulfur content ofthe pallets, while NQ levels 
were similar, if not slightly low, than levels reported for other stoker boilas. A slight reduction in NQ 
when firing a b i o d c o a l  fuel is Bcpeded given the higher volatile and lower nitrogen content of the pallets 
as compared to the stoker coal. CO errdssions were reasonable with an average 363 ppm (corrected to 3% 
dry a), which is indicative of good combustion, particularly given the load swings and other opemtonal 
changes, and the Faa that the boiila does not utilize any overfire air. 

Opacity is monitored contirmousiy by instrument at the NOSH boilerplant and visuany monitored at PBC. 
qpacaY was normal during all the test bums a! the NIOSHboiler and cturing the test bums ofthe tubground 
pallet fuel blend at thePBC. When a 50% by vahune greenwood chip blend was tested at the PBC, some 
mkmg Was obsaved, indicating an incomplete combustion of volatiles, perhaps due to high-moisture fuel 
pieces a d o r  an unevem dish i ion  of air through the fuel bed. This may rep& the upper limit to the 

both ground pallets and green wood chips met the demonshation’s goals for combustion chawtem ’ ’cs. As 

pacanofgreendthatcanbeused. 

WOODFORCOFIRINGINSTOKERBOZLERS 
Types Sources There are numerous systems for categotizing the types of wood residues. Below is a Mhg 
for uban wood residues developed by C.T. Donovan and Assodates, In&. 

Urban wood residue is composed of lnghly hetmgenwus woods. It is most simply defined as all the wood 
residue generated within a metropolitan area and may be sub-catego& into urban tree residues and post- 
co~lsumer wood residue. Urban tree residue consists of residues from tree mahemmq utility rightdway, 
and urban she conversion activities. This material is derived mmly h m  tops, limbs, and whole (sralr) m. 
The material is composed ofwood, needles, bark and leaves. Moisture content ranges fiom 35% to  SO?^ 

Postconsumer d residue consists of residues derived h m  secondary wood products. Thm &dues 

Pallet and Wooden Container residues -Each year, 16% to 18% of all the timber harvested in the 
US goes into the mamkure ofpallets and wooden containers. Becauseoftheir number and b& 
pallets and wooden containen pment sigdcant disposal pmblm and are inmmingly Coneded 
for reuse or repair. Pallets have a very low moisture content of 5% to 15% and are generally 6e of 
pain& stains or other treatments. 
Construction and Demolition (C/D) Wood residues - The. wooden components of the debris 
g d  durmg conshuction, renovation and demolition of buildings, roads and other stnxtum. 
The amount of wood in the debris varies h m  15% to 85%. 40% of new residential comction 
residue is believed to w& ofwood and wood products. c/D residue wood can be treated or 
untreated. The wood may also contain hinates and have other waste (such as asphalt shingles, 
insulation and dry waU) attachd. The average moisture content is 12% to 15%. 
Dunnage and Bradng Wood residues- Siarto pallet and woodencontainer wood residue. 
U r b a n S e c o n ~ W o o d p r o d u d s ~  ‘ residues - The residues consist of chips, ends, 
sawdust, shavings and slabs. The moirjture content ranges h m  15% to 45%. The residues may 
contain Presavatives, pint, glue and non-wood material such as plastic laminates. Also .mluded 
are @et recyclins residues. Ova 85 million palets are received for recycling each year. 74% are 
repaid and reused (or rased without repair); 15% aredisnantled for repairs; and themmhinggo 
direaty to disposal or are processed for dch,  fuel or fibs. 

may be fiuther subcategoa Lao: 

M a p a l  Solid Waste @EW) Wood residues - AU types of U&UI wood, 0th~ than those types 
above, that are conveyed to a tandfill for &pod. The average moisture content is 15% to 

CharaeteriStieS Although the heat content for all hardwoods is approximately 8,500 Btu/lb on a moisture, 
ask& basis and MAF s o t h v d  has a heat content approachmg 9,500, the physical and chemical 

25%. 
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Charadaistiu of wood residue varies widely depmdmg on the type and source of the mated. The most 
b w  chamcteristicsofwood as it relates to its use as ahel in stoker boilers are 0 m o M ~ ~ n t e n f  (3 
ash -cs, (iii post-hvest hPatmentlcontantinatoq (ii) partide sidhel blending, and (v). 
pricplavailability 

Moirhae Content The moisture content for m y  w e d  “green” wood is approxhtdy 500/0. Over 
h e  the moisture content declines to between 5% and 15%. The high moisture content of green wood 
poses several problems related to its use as fuel: (1) It represents a weight with no caloric value that can 
increaSe the transportation and handling cost. (2) It will in- the volume of flue gas B e n d  in 
combustion requiring an in- in drat? Ein output. (3) It will lowerthe fivnace exit tempemture, which 
will l o w  the heat transfer rate in the comKdive sections of the boiler. (4) It will lower the heatmg value of 
the fuel due to un-recovered en= in the flue gases that represents the heat used to Mporize the moisture in 
the ficel. Stoker bodm are designed for a giva fuel moisture. content (and &el SLe distribution). UsUany 
moisture content should be kept within IO?! of design 

Ash ~ ~ m :  One of the major concerns assodated with adding a biomass cc-fhng fuel to a boiler 
on& dedicated to coal finng is the possibilay for a change in the ash fusion &ac&mb ’ ‘csoftheblended 
hel. In a property opaating chain-grate stoker boiler, the individd ash piuticles fuse together in a p o w  
mass that parnits he passage of air and allows for uniform combustion mss the bed. Adding wood to the 
coal has had a deleterious effed on the slagging and fouling characteristics with certain wood/cmil hel 
blends. 

The clear stamvood of most spedes of trees contains very little ash, g e n e  less than 1%. Stemwood is 
the h e r  wood from the bunk and larger branches. Activdy growing portions of a tree such as the leaves 
and inner bark are higher in ash and the ash is high in “alkali” content. AlkaJi content refers to the sum ofthe 
potassium oxide (Kfl) and sodium oxide (Na20) in the ash This high alkali content is the source of many 
of the problems with biomass ash 

Using indites originally developed to predict coal ash ‘behavior, the elemental ash atlalyses of bottom and fly 
ashes from a stoker boiler burning Eastem Kentucky compliance coal, and published data on hardwood and 
urban wood residue ashes, mathanah ‘01 predictions of the ash charaderistics for two possible 20% wood / 
80% coal hel blends were calculated. The mults of the conpisons indicate that the combustion on the 
grate of either urban wood residues or hardwood alone would likely cause weze fouling problems and a 
possile slagging problem These calculations also indicate hat slagging and fouling should not be a problem 
when c d h g  urban wood residues at 25% mass input With compliance coal in stoka boilers. SI& and 
fouling problans wae not observed during any of the demonstration test bums. 

Pasf- r h m b n e n ~ ~ ~ o n :  Treatment may be as a (1) mrfice coating (paint, staiq etc.), (2) 
m a n u  agent such as resin, glue, or binder used as adhgive; or (3) impregnated p-ve. The 
treatmats which cause the. greatgt mvimnnd wncem in relation to their combustion are duomated 
copper arsenate (CCA) pressure treated lumber and lead-bad paint. Wood With these treatments may be 
found in CD wocd, and makes the uses of CD problematic. The most common type of contamhion is 
dirt. Dirt will be found in thebark ofharvested wood and urban wood residues. Dirt can have an- 

by SBeening out the fines. 

PhcIe  SizeifUel bIe- Stoker boilers are designed for a given &el size dishibution The wood 
provided to the first PBC and the NOSH coiiring demonstration was re6ned tubground mulch A tub 
ginder shatters the wood to p d m  a splintamaterial. 'Ibis material is shingy with fiayed ends and is 
subject to bridging at the delrvery gnll. When a wood chip produced from green wholetree stems was 
tested at the PBC, no brim was observed even when mixed to over 40% wood by volume. The superior 
behavior at the delivery griU of a wood chip is due to the chip’s more cubic shape and sharp, W t  edges. 
Unfo&, urban wood waste with Mils and other hard contamhates causes rapid wear on a wwd 
chipper’s knife blades. W o r e ,  chippers cannot be used for phwy sizereduction 

Three methods of fuel blm$ng have been used in the demonstrations: mixing on the ground using a 60nt- 
end loader, layering on the bed of the d d m y  buck and mixing in a FECON blender. Mixing with ti-ontend 
loaders can produce a homogmmus hel blend but the process genedy creates excessive hes. Layering 
on thebed ofbuck can be sdaent  to produce areawnabiy loliform m k t m  on thegrate ifthe layering is 
performed with care. In the fiTst PBC demonstration, lmiforrm layas se.veml feet thick were found to pass 
tJuough the dehea‘y g d  and rea& the boiler grate nixed in a manner indistinguishable h m  the blends made 
on the ground. In the MOSH demonstratioq less care was used in layering the fit& in several deliveries and 
the wood formed large dumps on the d$lverygriU. These clumps inkmpted thedelivery and wae  never 
completely into the coal by the boilemouSe conveyance.. Wood and coal were simultane~usly loaded 
into a W O N  blender to produce a very uniform blend. The blend retained its consistency through the 
boilemwSe conveyances onto the boiler grate. However, the fiayed ends of the tub-ground wood led to 
occasional intemtptionS of flow through the delivery grill of even the well-blended mixtures. 

I 

impad on the dagging andor fouling behavior of the ash. Much of the contaminating dirt can be moved 
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Pridm’labiIiiy In ordex for a woocvcoal fuel blend to gain c o d  s u m  it must be offered to the 
boiaplant at a cost 4 to or below the plant’s current cost of coal. S i  redudon is the major cost in 
marketing urban wood midues as aboiier fuel. The costs for a commercial operation are 
eqxcted to be approximat* $20 per ton lhis is only margmayI 1- than a d  p”cessor can 6 
for the product h m  a coal vendor. In the current nmket in order to make wood to stokef boiler &el 
processing profitabk, the wood prccasor must capture a tipping fee fix the waste resjdues that are 
collected. In 1996 at the begimhg ofthe Univdy”s resear& program, wood processors in the Pittsbu‘gh 
region were reoeiving a tipping k. for pallet wasze~ that they were tub gmding to pruduce a colored-mulch 
Since then the highly profitable color-mulch market has expanded and all the m d d y  available paUet residue is 
being coUeded for pmxssing to colored-mulch without a tipping fee. 
Nationaliy, it i s  estimated that 43.8 million tons of C/D waste. are g e n d  each year with 24.5 million tom 
available for co61mg‘.  his material is currently being kndfilled nhh a tipping fee in the Rttsburgh region of 
qproximatdy $30 per ton RegionaIly this amounts to more than 125,000 tons per year. 

I 

I 

I 

! 

CONCLUSIONS /FUTURE PLANS 
While working toward the introduction in western Pennsylvania of commercial cofiring fuel for 
stoker boilers, the University has learned much about the problems associated with seeking 
specific sources of urban waste wood and its processing into boiler fuel. The project team has 
concluded that use of a properly prepared blend of processed pallet residue and coal as stoker fuel 
with up to 12% wood by BTU content is technically feasible and environmentally desirable. 
Unfortunately in the Pittsburgh region pallet residue will not be available for processing to a 
stoker boiler cofuel. C/D wood residue will be required for the fuel blend. 

In future plarmed danonstmtions, the U- will use G’D wood for the wood component ofthe fuel 
blend. ACHDhasbeen supportive ofthe use of pallet midue as a cofking fuel and has readily granted a i r ,  
quality Variances fbr the demonsbations J m p p e r l y s c u r c s ~  C/D wood has the potential ofbeing 
contaminated with material that win cause toxic air anissions when combusted. The University and the 
wood p&r plan to develop a quality assurance planthat will ACHD that the fuel is fixe of 
hazardous contaminaton I f a  variance is granted to bum consbudon wood, then the Univmity, through 
local buildas organizations, will locate construdon contractors that wish to supply source-gregated 
consrmction wood (and avoid a portion of their normal waste. tipping fee for this material). The wood 
pnxzssor will locate a roll-off containa at one or more ofthese sites. Ifa variance is also granted to bum 
demolition wood then wood processor will locate roU-o!E at one or more demolition sites i d d e d  by the 
Univedy with the aid of the Pamsyhania Department of Envimnmental Protection The emissions h m  
demolition waste combustion will be monitored for lead, d c  and drmmium 

Ahhough standard tub-gmnd wood has been acceptable in the. boiia as the wood component of the 
cofiring fuel at some boilerplants the bridging it caum at the delivay griU will be unacceptable at most 
plants. For future d e m o d o n  the wood processor will d d o p  two methods for producing a “chip” frmn 
urban wood waste. In the ht method the processor will extend the work started for the second PBC 
demonstration on producing chiplike d c h  h m  tub pndmg. The processor will install a cut-off plate 
Wind an over sized screen on the tubgrinder that will sheer offthe long wood splinters to amore ab ic  
wood 6agment than is nomdy produced. The wood will be sized to 1% inch by % inch. In the second 
method the wood will be very bri@ tub ground to h i e  the nails. Passing the wood through a standard 
knifebladed chipper wiU follow this tub grinding. The wood will be sized to Ixinchby % inch, 
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